Background-Coronary artery spasm induces activation of the coagulation system. Turnover and maintenance of thrombus depend not only on formation but also on lysis. The relation between coronary spasm and fibrinolytic system has not been elucidated.
(1.1), 11 0 (1.3), and 4-4 (0.6) in the variant angina group; 1*8 (0.7), 5 6 (1.1), and 1*2 (0.3) in the stable exertional angina group; and 1 1 (0.5), 4*5 (0.8), and 0 7 (0.3) in the control group. Furthermore, both plasma PAI activity and t-PA antigen concentrations were significantly higher in the variant angina group than in the stable exertional angina group and the control group at each sampling time. Conclusions-In patients with variant angina there was a circadian variation in fibrinolytic activity, which was lowest in the early morning, and impaired fibrinolytic activity particularly in the early morning, when attacks of angina occur most frequently. (Br Heartr 1994; 71:156-161) Variant angina is caused by coronary artery spasm,'2 which has also been implicated in the pathogenesis of unstable angina and acute myocardial infarction. 34 Coronary thrombosis also plays an important part in the production of unstable angina or acute myocardial infarction.56 The increased tendency to thrombosis can be explained by several mechanisms including increase in platelet aggregation,7 activation of the coagulation system,89 and a defective fibrinolytic system.'0 Does coronary artery spasm trigger thrombus formation in the coronary artery? We found that coronary artery spasm induced activation of the coagulation system."l- '3 Turnover of thrombus depends not only on formation but also on lysis, however. The key components of the fibrinolytic system are tissue plasminogen activator (t-PA) and plasminogen activator inhibitor (PAI). t-PA promotes fibrinolysis,'4 whereas its specific inhibitor, PAI, rapidly inhibits t-PA by complexing with it." PAI activity, mainly as PAI-1 activity, is a major determinant of overall fibrinolytic activity.'6 17 We showed that PAI activity increased in patients with acute myocardial infarction and unstable angina. '8 19 This confirmed the findings of other investigators.2>22 In the present study we measured plasma PAI activity and t-PA antigen to see whether there is impairment or a circadian variation in the fibrinolytic system in patients with variant angina. We also examined the relation between the circadian variation in the fibrinolytic system and ischaemic attacks.
Patients and methods

PATIENTS
We studied 39 patients who underwent diagnostic cardiac catheterisation (32 men and seven women; mean (SEM) age 604(1-1), range 48-73). They were divided into three groups: the variant angina group, the stable exertional angina group and controls. After admission blood samples were taken by venepuncture by specially trained physicians (TM and YM) who were evaluated by quality control procedures before and during the study.
The first 3 ml of blood was discarded, then 4-5 ml of blood was drawn directly into glass tube containing 0-5 ml of 3-8% buffered citrate solution and processed immediately. Samples were centrifuged immediately at 2000 x g for 15 nminutes at 40C to obtain platelet poor plasma and the plasma was stored at -800C.
DETERMINATION OF t-PIA ANTIGEN CONCENTRATION AND PAI ACTIVITY
We measured t-PA antigen by an enzyme linked immunosorbent assay (ELISA) using the reagent kit ASSERACHROM t-PA from Diagnostica Stago (Franconville, France).23 Results were expressed as ng/ml. Intra-assay and inter-assay coefficients of variation were 2-4% and 4-7% respectively. The normal value for t-PA antigen at 0600 in our laboratory (n = 33) was 5 6(0 3) (mean(SEM)) ng/ml.
We measured PAI activity by a chromogenic substrate assay using a reagent kit (Spectrolyse/PL) from Biopool (Umea, Sweden). 16 Results were expressed as IU/ml.
Intra-assay and inter-assay coefficients of variation were 9 4% and 11-4% respectively. The normal value for PAI activity at 0600 in our laboratory (n = 33) was 5 2( 0 5 There were no significant differences in these variables among the three study groups. One patient with variant angina and two patients with stable exertional angina had a history of previous myocardial infarction at least 3 months before the study. In principle, all drugs except glyceryl trinitrate were stopped for at least 3 days before the study day. However, three patients with variant angina had severe attacks and were treated with antianginal drugs on the study day-two of them with calcium antagonist and the other with calcium antagonist and long acting nitrate. Three of the 12 patients with stable exertional angina were receiving medication on the study day-calcium antagonist and long acting nitrate in two and calcium antagonist, long acting nitrate,,f blocker, and aspirin in the third-because they had the past histories of unstable angina and multivessel disease with severe organic stenosis. None of the controls was receiving medication on the study day. There was no difference in the number of patients receiving drugs (f blockers, long acting nitrates, calcium antagonists, aspirin and other drugs) between the variant angina group and the stable angina group. PAI activity was significantly higher in patients with variant angina than in those with stable exertional angina and in controls at each sampling time (p < 0-01).
CORONARY ARTERIOGRAPHY
Cardiac catheterisation including coronary arteriography was performed in all patients within a week after the study. Coronary arteriography showed coronary artery spasm during the attacks of angina provoked by intracoronary injection of acetylcholine29 in 14 patients with variant angina during attack. In one patient intracoronary acetylcholine was not injected because he had severe organic coronary stenosis.
Three patients with variant angina had significant organic stenosis. Two had two vessel disease and the other had single vessel disease.
All the patients with stable exertional angina had major coronary arteries with ) 90% diameter stenosis. None of the controls had significant organic stenosis in their coronary arteries and no coronary artery spasm was induced by intracoronary injection of acetylcholine in any of control subjects. Table 1 shows the number of diseased vessel in the three groups. between 2200 and 0600, between 0600 and 1400, and between 1400 and 0600, respectively. There was a significant circadian variation in the frequency of attacks with the peak incidence occurring from 2200 to 0600 (p < 0-01) (fig 1) . None of the patients with stable exertional angina had attacks during the study.
PLASMA PAI ACTIVITY Table 2 and fig 2 show mean plasma PAI activity (IU/ml) in the three study groups at 2200, 0600, and 1400. Plasma PAI activity showed considerable circadian variation with a peak level at 0600 in all of the three study groups (p < 0-01) and was significantly higher at all of sampling times in the variant angina group than in the stable exertional angina group and in the controls, particularly at 0600 (p < 0-01) (fig 2) . There were no significant differences in plasma PAI activity at any of the sampling times between the stable exertional angina group and the control group (fig 2) .
PLASMA t-PA ANTIGEN CONCENTRATION Table 2 and fig 3 show the mean plasma t-PA antigen concentrations (ng/ml) in the three study groups at 2200, 0600, and 1400. The plasma t-PA antigen concentrations showed the same significant circadian variation, with a peak at 0600, as plasma PAI activity in all of the three study groups (p < 0-01) and the concentration was significantly higher at all sampling times in the variant angina group than in the stable exertional angina group and the controls, particularly at 0600 (p < 0-01, fig 3) . There were no significant differences in plasma t-PA antigen concentration at any of the sampling times between the stable exertional angina group and control group (fig 3) .
PLASMA PAI ACTIVITY AND t-PA ANTIGEN CONCENTRATIONS AFTER ISCHAEMIC ATTACKS
In seven patients we took blood samples before and within 15 minutes after eight ischaemic attacks in addition to routine sampling every eight hours. Plasma PAI activity and t-PA, antigen concentration were significantly higher after the attacks (8-8 (2 2) v 12-3 (2-5) IU/ml, p < 0 05 for PAI activity and 7-4 (1-0) v 9d1 (1-6) ng/ml, p < 0 05 for t-PA antigen) (fig 4) .
Discussion
Coronary spasm is important in the production of acute myocardial infarction in some patients.34 None the less it is not clear whether coronary spasm causes intracoronary thrombus formation. We found that plasma fibrinopeptide A (FPA), a specific marker of thrombin generation and activation of coagulation system,30 was increased during or after episodes of angina in patients with coronary spastic angina.1' 12 We also showed that a circadian variation in plasma FPA concentrations paralleled the episodes of angina in patients with variant angina and showed that this circadian variation resulted from the attacks." Furthermore, we showed that FPA was released into the coronary circulation after coronary spasm.'3 These findings indicate that coronary spasm activates the coagulation system and may initiate intracoronary thrombus formation. However, the maintenance of thrombus depends not only on its formation but also on its lysis. We and others have reported an increase in plasma PAI activity in patients with acute myocardial infarction and unstable angina. '8-22 Others have reported circadian variation in plasma PAI in these patients."
Our study showed that there were significant circadian variations in plasma PAI activity and t-PA antigen, with a peak level at 0600, in patients with variant angina, in those with stable exertional angina, and in controls. We also showed that the circadian variation in these variables in patients with variant angina paralleled the ischaemic attacks. Furthermore, the present study showed that both plasma PAI activity and t-PA antigen concentrations were significantly higher at each sampling time in patients with variant angina than in those with stable exertional angina and in controls. These results indicate circadian variation in fibrinolytic activity in patients with variant angina with the lowest level in the morning when the incidence of ischaemia is highest. The results also suggest that fibrinolytic activity is impaired in these patients, particularly in the early morning when angina attacks are most common.
Thus the present study together with our previous studies"1-13 suggests that coronary spasm may trigger thrombus formation in coronary arteries and that the reduction of fibrinolytic activity may slow the removal of thrombus, ultimately leading to acute myocardial infarction in some patients, particularly in the early morning.
The We found that the plasma PAI activity in patients with variant angina showed a dynamic circadian variation with a peak in the early morning which paralleled the distribution of attacks. PAI activity at each sampling time was higher in patients with variant angina than in patients with stable exertional angina orcontrols, particularly in the early morning. This antifibrinolytic tendency in the early morning may be an important factor in the higher incidence of cardiovascular events in the morning. '9 This study was supported in part by a grant in aid for Scientific Research from the Ministry of Education (B03454257, C05670621) and a research grant from the Smoking Research Foundation, Tokyo, Japan.
